Study objective-The aim was to describe, predict, and interpret mortality in Glasgow and Edinburgh.
The setting of national health targets implies an understanding of the factors which cause disease and the measures required for prevention. Current policies emphasise individual behaviour as the cause of premature deaths and the target for health promotion campaigns, and assume that by following such policies, mortality rates can be reduced substantially within a decade. Both Scottish and English targets aim to reduce coronary heart disease mortality rates under 65 years of age by 30% by the year 2000.1 2To achieve such targets in people aged 55 -64 years will require major changes in behaviour and in risk status in people currently aged [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] . As no controlled intervention study has shown such effects, it is likely that success or failure in achieving the targets will be determined to a large extent by underlying trends in mortality rates.3
In order to assess the prospect of achieving national targets, we have compared trends in all cause and cause specific mortality rates in Glasgow and Edinburgh, two cities with a combined population of 1-2 million people, and situated about 40 miles apart in the central belt of Scotland. In 1979-83, death rates from all causes in people aged 25-64 years were 400' higher in Glasgow than in Edinburgh. 4 Methods Numerators consisted of all deaths in 10 year age groups for men and women aged 25-74 years in the cities of Glasgow and Edinburgh, occurring in five year periods centred on each census year between 1931 and 1981. 4 Denominators for these groups were based on census reports from 1931 to 1981.5 A mid-census estimate based on the average of figures for 1931 and 1951 provided denominators for 1941, when a census did not take place. For further analyses, deaths were divided into four broad subgroups comprising deaths in people aged years from stroke (ICD , all heart disease (ICD 390-429), all malignant cancers , and other causes, using appropriate diagnostic categories for periods prior to the ninth revision of the International classification of diseases.
Mortality rates were expressed as logarithms to the base 10. Log-linear age-cohort models,6 7 with a Poisson error structure,8 9were fitted to the data using the GLIM statistical modelling package.'0 A feature of statistical models including data for the period was an interaction between age and cohort (ie, the increase in mortality with age varied by cohort), which was explained by the higher mortality rates at younger ages in earlier cohorts. Accordingly, models were fitted to death rates for quinquennia based Data from the two cities were also modelled simultaneously and the differences in mortality rates between the cities expressed in terms of the difference between the ages at which the two populations experience the same mortality rates. This was achieved by expressing the differences between estimated age and sex specific log mortality rates in Glasgow and Edinburgh as a proportion of the total range of estimated log mortality rates within the 40 year age span of the relevant Edinburgh cohort.
A sensitivity analysis was carried out in order to assess the effect of migration and boundary change. For this purpose, the estimated net outmigrants were reintroduced, with an assumed all cause mortality rate which was 20% less than that of people who had stayed in each city. This was considered a conservative estimate and was set to be lower than the mortality rates of regional migrants in the OPCS longitudinal study.'2
Estimates of net migration were obtained by calculating the number of expected deaths in an age-sex group during a 10 year period, and subtracting this from the observed change in the size of the group between census years. For example, the expected number of deaths over 10 years in men aged 45-54 years in 1951 was estimated by applying an average mortality rate based on mortality rates for men aged 45- 
A -r .t group.bmj.com on June 21, 2017 -Published by http://jech.bmj.com/ Downloaded from Glasgow always being higher than rates in Edinburgh (fig 1) . The same pattern applies to women, mortality rates for women being consistently lower than for men. In almost every age and sex category, there is a lag of 20-30 years between the most recent mortality rates in Glasgow and the period when similar rates were observed in Edinburgh.
Linkage of mortality rates by year of birth, to create synthetic cohorts, shows that as middle age approaches there is an almost linear tendency for all cause log mortality rates to increase with age ( fig 2) . The tendency appears at an earlier age in later cohorts because of the declining effect of premature death from infectious diseases. This can be seen when the data are displayed separately for deaths from specific causes (fig 3) . Deaths from stroke, all heart disease, and all malignant cancers each show linear trends within cohort by age. Deaths from other causes, including infectious diseases, show higher rates in earlier cohorts at younger ages. For women the log mortality rate doubles for each cohort in each city in 8 2 years; for men the doubling time is 7 5 years in cohorts in Glasgow and 8 0 years in cohorts in Edinburgh.
Compared to age and sex specific rates observed in 1979-83, the models predict that in 1989-93, with other factors being unchanged, mortality rates in men and in older women will tend to remain at a similar level in Glasgow, while a reduction may be expected in both sexes in Edinburgh (table III) .
In 1959-1963, Glasgow men and women had mortality rates which were equivalent to rates experienced by men and women in Edinburgh who were 2-4 years and 2-8 years older repectively. In 1979-83, these differences had increased to 3 9 years and 3 6 years. The model predicts that by 1989-93 the differences will increase to 5 1 years for men (an increase of 31 %) and to 3 9 years for women (an increase of 8%).
The differences in estimated mortality rates between the cities vary by sex and age (table IV) . For every age group in the range 35-64 years and in all periods under consideration the differences between Glasgow and Edinburgh on the Edinburgh age equivalent scale are larger in men. In the age group 65-74 years, they are larger in women. In both sexes the differences are generally larger in younger age groups. These results reflect the differences between cities by age and cohort for men and by cohort only for women, the terms in the city-cohort interaction showing a systematic tendency to increase as cohorts become more recent.
Comparison of predicted age specific all cause mortality rates for Glasgow and Edinburgh in 1989-93 (table V) also shows larger differences between the cities in younger age groups, suggesting that the average differences in mortality rates between cities will increase in the next few decades.
With the exception of a slight increase in population size in Edinburgh after the second world war, there was a steady loss of population from both cities throughout the period (table VI) . Out-migration was most marked for the youngest age groups for the periods 1961-1971 and 1971-1981 , and was higher in Glasgow than in Edinburgh.
As net out-migration was generally higher in Glasgow, and migrants are assumed to be more healthy than the non-mobile population, we expected that the predicted differences between Glasgow and Edinburgh would reduced after reintroducing migrants. In the sensitivity analysis, which attempted to take account of both out-migration and boundary changes in 1974, the ours is the first study to apply this approach to the interpretation of present day inequality in health. 19 In the cross sectional analysis (fig 1) , mortality rates have declined in Glasgow and Edinburgh, but a large difference between the cities has persisted and is now increasing, especially in men (table V). In the "cohort" analysis of all cause mortality rates (figs 2 and 3), the rates at which log mortality rates have increased with age (indicated by the doubling times) show a regular pattern in each city for all male and female cohorts. The doubling times are similar for women in both cities, shorter for men than for women, and shorter for men in Glasgow than for men in Edinburgh. Cross sectional differences in mortality rates in middle age are largely explained by levels of mortality in early adulthood which provide a baseline for the subsequent rises in log mortality with age. Differences in cause specific mortality rates are seen to be part of a general pattern of earlier death from all causes in Glasgow, which is apparent from at least early adulthood. The pattern is robust and is not affected in a major way by denominator bias due to migration or boundary change.
The general pattern of improving health is similar to that observed in other populations, such as the United States, where the decline in cor- Edinburgh may fall, rates in men and in older women in Glasgow are likely to remain constant. The prediction is consistent with the observation that health improves more quickly in populations which are already healthy.30 31 It is probable that mortality during 1989-1993 will be determined not only by underlying historical trends, but also by shorter term changes in mortality rates for specific diseases. For (fig 1) is explained by increasing mortality rates from lung cancer. Obviously, environmental and behavioural factors can be lethal at any age but it appears to be only when these factors affect large numbers of people that the underlying pattern of mortality is disturbed. This is the challenge facing current policies for health promotion.
EXPLANATION OF THE TRENDS
In addition to providing an empirical basis for short term predictions,'7 the regularity of the pattern underlying differences in mortality between the cities provides a challenge to explain the phenomenon in terms sufficiently broad and plausible to encompass other comparative data.
Simple explanations based on climate and geography (eg, water hardness) seem unlikely, since standardised all cause mortality rates in the suburbs of Eastwood, and Bearsden and Milngavie, which are adjacent to Glasgow, are lower than rates in Edinburgh by 14% and 17% respectively.4
RISK FACTORS
Comparison of risk factor levels in [1984] [1985] [1986] in people aged 40-59 years32 showed that men in Glasgow had slightly higher mean systolic pressure levels and alcohol intakes and slightly lower blood cholesterol and fibrinogen than men in Edinburgh (table VII) . Body mass index and vigorous exercise in leisure time were similar. Glasgow women aged 40-59 years took more exercise in leisure time, had slightly higher mean systolic blood pressure levels and body mass indices, but lower blood cholesterol and fibrinogen, and lower mean alcohol intake. The prevalence of regular cigarette smoking was about 50% higher in Glasgow in both men and women. Glaswegians also consumed less fruit and vegetables.
The differences in smoking and diet between the cities, and the absolute levels of risk factors in both cities, give support to health promotion measures to prevent deaths from coronary heart disease, stroke, and lung cancer.33 However, it is unlikely that risk factors explain all of the differences in these diseases 3436 New risk factors could explain more of the differences, but with the possible exception of diet, it is difficult to see how risk factors can explain the substantial excess in Glasgow of deaths from other causes at all ages, and the deep rooted nature ofobserved inequality in health.
SOCIOECONOMIC FACTORS
At the start of the 19th century, Edinburgh and Glasgow had populations of similar size. Although accurate infant mortality data are not available for that period, it is known that infant mortality rates in Glasgow in 1821 were lower than rates reported 20 years later in Edinburgh.37
Throughout the second half of the century, there was a flood ofpopulation into the west of Scotland from Ireland and the Scottish Highlands, which provided the labour force for Glasgow's famous industries of shipbuilding and engineering. Industrial progress was bought with low wages, and poor housing for workers and their families.38 By the mid-20th century, heavy industry and slum housing in the inner city had been replaced by endemic unemployment and peripheral housing schemes. In 1973, the document "Born to fail?" illustrated dramatically the extent of multiple deprivation in the west of Scotland. Market forces and public policy had created greater geographical inequalities in the area than in any other conurbation in the UK. 39 Edinburgh Data are not available to answer the question of whether differences in health between the people of Glasgow and Edinburgh can be explained on the basis of genetic susceptibility to disease risks. The influx of Irish and Highland stock to the Glasgow population can still be seen by comparing the proportions of column inches in the Glasgow and Edinburgh (Lothian) telephone directories which are taken up by surnames beginning "Mc" or "Mac"-130% in Glasgow, 8% in Lothian. However, it is not clear how genetic factors could predispose to an excess of so many diseases. Historically, infant mortality rates have been substantially lower in Ireland and in the Highlands than in Glasgow. 37 An alternative explanation is that socioeconomic factors, in addition to their association with risk factor levels,4850 may determine susceptibility to risk. The biological basis of susceptibility is not known, but the combination of a poor start in life, inadequate nutrition, short stature, overcrowding, air pollution, and cigarette smoking (table VII) provides a plausible explanation, possibly mediated through respiratory impairment, 53 55 for the vulnerability to poor health of recent generations of Glaswegians.
CONCLUSIONS
Cross sectional comparisons of disease specific mortality rates in Glasgow and Edinburgh show substantial inequality. Associated differences in smoking and in the consumption of fruit and vegetables give support to policies for health promotion which emphasise individual behavioural change. However, this is a partial view of the inequality in health. The cross sectional differences between the cities are part of a pattern of earlier death from all causes in Glasgow which has been apparent in successive generations from at least early adulthood. Mortality rates have improved in both cities, but are improving more quickly in Edinburgh. In consequence, national health targets will be more difficult to achieve in Glasgow, than in Edinburgh.
Although unidentified local factors may explain part of the contrast in health between Glasgow and Edinburgh, it is unlikely that the underlying historical pattern is unique to the central belt of Scotland. Rather, the pattern may be typical of inequalities in health in many settings, including those observed within Edinburgh and Glasgow.
The practical implication is that campaigns to influence public behaviour in adult life should be complemented by longer term strategies, targetted at the young, to reduce their susceptibility to risk. 
